We investigated AGN activity in low-mass galaxies, an important regime that can shed light onto BH formation and evolution, and their interaction with their host galaxies. We identified 336 AGN candidates from a parent sample of ∼ 48, 000 nearby low-mass galaxies (M 10 9.5 M , z < 0.1) in the SDSS. We selected the AGN using the classical BPT diagram, a similar optical emission line diagnostic based on the He ii λ4686 line, and mid-IR color cuts. Different criteria select host galaxies with different physical properties such as stellar mass and optical color and only 3 out of 336 sources fulfill all three criteria. This could be in part due to selection biases. The resulting AGN fraction of ∼ 0.7% is at least one order of magnitude below the one estimated for more massive galaxies. At optical wavelengths, the He ii -based AGN selection appears to be more sensitive to AGN hosted in star-forming galaxies than the classical BPT diagram, at least in the low-mass regime. The archival X-ray and radio data available for some of the optically selected AGN candidates seem to confirm their AGN nature, but follow-up observations are needed to confirm the AGN nature of the rest of the sample, especially in the case of mid-IR selection. Our sample will be important for future follow-up studies aiming to understand the relation between BHs and host galaxies in the low-mass regime.
INTRODUCTION
The formation of Supermassive Black Holes (SMBHs) and their interplay with their host galaxies are fundamental issues in the study of galaxy formation and evolution. Different studies showed that SMBHs with masses MBH ∼ 10 6 − 10 9 M reside in most of the massive galaxies (stellar mass M > ∼ 10 10 M ) in the present-day universe, including the Milky Way (e.g. Kormendy & Richstone 1995; Schödel et al. 2003; Kormendy & Ho 2013) . Moreover, SMBHs are thought to grow and evolve in a coordinated manner with the galaxies in which they reside. This idea is supported by the observation of massive galaxies where the SMBH mass is correlated to different E-mail: lia.sartori@phys.ethz.ch host galaxy properties such as stellar mass (Marconi & Hunt 2003) , luminosity (e.g. Bentz et al. 2009; Gultekin 2009) , and velocity dispersion (e.g. Ferrarese & Merritt 2000; Gebhardt et al. 2000; Tremaine et al. 2002; Gultekin 2009 ) of the bulge.
The current observational capabilities do not allow us to directly observe seed BHs and their host galaxies in the early universe. However, dwarf galaxies (M < ∼ 10 9.5 M ) are supposed to be similar to the precursors of today's large galaxies and host BHs with masses similar to the first seed BHs (Bellovary et al. 2011) . The study of dwarf galaxies hosting massive BHs can thus provide important information about SMBH formation and evolution, as well as their interaction with their host galaxies. In addition, the present epoch (z ∼ 0) BH occupation fraction and mass distribution of low-mass galaxies may help in discriminating between different BH formation scenarios, as discussed by Volonteri, Lodato & Natarajan (2008) . In fact, although the numbers are still highly uncertain, different BH formation mechanisms at high redshift predict BH seeds with different properties and evolution, and this will result in a different fraction of galaxies containing SMBHs at later times. The two widely discussed scenarios are heavy seeds from the direct collapse of metal-free gas clouds in the early Universe (e.g. Haehnelt & Rees 1993; Lodato & Natarajan 2006; Begelman, Volonteri & Rees 2006) , and light seeds from the death of massive first generation (Pop III) stars (e.g. Bromm, Coppi & Larson 1999 , Bromm & Yoshida 2011 .
One of the most reliable ways to detect a SMBH and to infer its mass is through the analysis of stellar and/or gas dynamics in the host galaxy. However, the gravitational sphere of influence of low-mass BHs in dwarf galaxies is too small to be resolved beyond the Local Group (see Reines, Greene & Geha 2013 for more details). This means that BHs with MBH ∼ 10 5 − 10 6 M outside the Local Group can currently be detected only if they are accreting, i.e. if the galaxy hosts an Active Galactic Nucleus (AGN).
In the last years, two studies have searched for AGN in low-mass galaxies in the Sloan Digital Sky Survey (SDSS ). Reines, Greene & Geha (2013) searched for optical signatures of accreting BHs in a sample of ∼25,000 nearby low-mass galaxies (z < 0.055, M < 3 × 10 9 M ) selected from the NASA-Sloan Atlas. Applying standard BPT diagram they found an AGN fraction of ∼0.13%
1 . Moran et al. (2014) identified 28 AGN out of a sample of ∼7,500 objects in the SDSS (0.003 < z < 0.0177, AGN host galaxies with M < 10 10 M ). They derived a lower limit on the AGN fraction of a few percent, but considering a different parent sample than in Reines, Greene & Geha (2013) . A different approach was proposed by Satyapal et al. (2014) , who applied mid-IR selection techniques to search for AGN in a sample of bulgeless galaxies. They found that mid-IR selection identifies a different AGN population compared to optical selection, and that the fraction of mid-IR selected AGN is higher at lower masses. In a recent study, Marleau et al. (2014) assembled a sample of 313 nearby dwarf galaxies that display mid-IR signature of BH activity. They examined the M − MBH relationship and found that this relation exteds also in the low-mass regime (stellar mass in the range 10 5 − 10 9 M , BH mass in the range 10 2 − 10 6 M ). The literature also offers other studies which attempt to search for low-mass BHs using mid-IR observations (e.g. Satyapal et al. 2007 Satyapal et al. , 2008 Satyapal et al. , 2009 Goulding et al. 2010) or X-ray observations (Ghosh et al. 2008; Desroches & Ho 2009; Gallo et al. 2008 Gallo et al. , 2010 Kamizasa, Terashima & Awaki 2012; Miller et al. 2012; Schramm et al. 2013) . Studies aiming to search for AGN with low-mass BHs using optical data were presented by Greene & Ho (2004 and Dong et al. (2012) . However, most of these works covered only small volumes with mixed selection functions, and the true BH occupation fraction is poorly understood.
In this work, we combine optical emission line and mid-IR data to search for AGN in nearby low-mass galaxies (z < 0.1, M < 10 9.5 M ), and analyse the properties of their host galaxies. We chose these thresholds for M and z because: 1) the difference in the present epoch occupation fraction due to the different formation scenarios is more evident for low-mass galaxies, especially in the mass range 10 8.5 M < M < 10 9.5 M (Greene 2012, based on models of Volonteri, Lodato & Natarajan 2008) , and 2) dwarf galaxies are faint and can be observed only in the nearby universe. In this way we measure the fraction of dwarf galaxies containing AGN, placing a lower limit for the BH occupation fraction. Further, assembling a sample of low-mass galaxies hosting AGN is an important step in understanding the relation between BH and host galaxy in the low-mass regime. Because of different biases, the comparison of different selection techniques allows us to find a more complete AGN sample.
The sample selection is described in Section 2. Sections 3 -5 describe the analysis techniques performed. The discussion of the results and the summary are found in Sections 6 and 7. Finally, an overview of the AGN candidate samples and of the host galaxy properties is given in the Appendix.
SAMPLE SELECTION

Parent sample of nearby dwarf galaxies
We assembled a sample of nearby dwarf galaxies in the SDSS DR7 (Abazajian et al. 2009 ) starting from the OSSY catalog (Oh -Sarzi -Schawinski -Yi, Oh et al. 2011) . The OSSY catalog provides line measurements for the entire spectral atlas from SDSS DR7 with redshift z < 0.2, as well as fitting quality assessment parameters 2 . We selected the objects in the catalog with SDSS SpecClass = 2 (galaxy) and redshift lower than z = 0.1. We then matched the sample to the MPA-JHU catalog (Kauffmann et al. 2003b; Brinchmann et al. 2004 ) to obtain the stellar mass, and selected the galaxies with mass lower than M = 10 9.5 M . These masses were derived using fits to photometry and assuming h = 0.7. We further excluded 0.17% of the objects because of unreliable mass estimation. The final sample of nearby dwarf galaxies consists on 48, 416 objects. Fig. 1 shows the absolute r-band magnitude versus redshift distribution of the nearby dwarf galaxy sample. About 15% of the sample is fainter than the SDSS spectroscopic apparent magnitude limit r = 17.77 mag (petrosian magnitude). Objects below the spectroscopic limit were often targeted in SDSS as quasars (e.g. QSO CAP, QSO SKIRT target), but successively classified as galaxies (SpecClass = 2), so we kept them into the initial parent sample. However, we did not consider objects with r > 17.77 mag for the study of the AGN fraction in dwarf galaxies (Section 3) and of the host galaxy properties (Section 4). Figure 1 . Absolute r-band magnitude (petrosian) versus redshift for the total sample (gray points) and AGN candidates selected with different selection techniques (see Section 2.2). The black solid line corresponds to the SDSS spectroscopic apparent magnitude limit, r = 17.77 mag. About 15% of the sample lies below this line and will not be considered for the study of the AGN fraction in dwarf galaxies and of the host galaxy properties.
Selection of AGN candidates
We searched for AGN in the nearby dwarf galaxy sample by applying three AGN selection techniques, which we discuss in detail in what follows:
1) classical BPT selection (optical emission line diagnostic) based on the separation lines defined by Kewley et al. (2001) , Kauffmann et al. (2003a) and Schawinski et al. (2007) ;
2) the emission line diagnostic based on He ii λ4686 described by Shirazi & Brinchmann (2012) (in the following Shirazi He ii diagram); and 3) the mid-IR color criteria described by Stern et al. (2012) and Jarrett et al. (2011) .
In order to define a clean sample of AGN we corrected the obtained sample for fragmentation. In fact, the SDSS catalog is contaminated by many fragmented pieces of extended massive galaxies, which can be erroneously selected as dwarf galaxies. The number of fragmented galaxies in the parent sample should be low enough to not influence the study of the AGN fraction in dwarf galaxies. However, fragmented galaxies have to be removed from the selected AGN sample. In order to find these objects we performed two tests. First, we compared the stellar mass given in MPA-JHU with the measurements reported in the NASA-Sloan Atlas 3 (NSA). Because of the definition of the NSA catalog this was possible only for galaxies with redshift z < 0.055. We then visually inspected the optical images provided by SDSS .
In this way we excluded 33 objects. The list of the AGN candidates is given in Appendix A.
BPT selection
Emission line ratios allow to classify line-emitting galaxies based on their main source of ionization and excitation. The standard diagnostic diagram (Baldwin, Phillips & Terlevich 1981, BPT diagram; Veilleux & Osterbrock 1987; Terlevich et al. 1991; Kewley et al. 2001; Kauffmann et al. 2003a; Stasińska et al. 2006; Schawinski et al. 2007 ) uses [O iii]λ5007Å/Hβ versus [N ii]λ6583Å/Hα. On this plot, star-forming galaxies lie below the so-called maximum starburst line (Kewley et al. 2001 ) and form a sequence from low
Beyond the maximum starburst line the dominant source of ionization is due to mechanisms other than star formation, such as BH accretion, shocks or evolved stellar populations. The objects residing in this region can be divided into Seyfert galaxies (high ionization emission) and Low Ionization Emission Region galaxies (LINERs, Heckman 1980) , as proposed by Schawinski et al. (2007) (see also Ho 2008 and references therein) . Because of the different ratio of ionisation emission, in fact, Seyfert galaxies and LINERs show different emission line ratios, and are found in different regions of the diagnostic diagram. While Seyfert emission is primarily driven by AGN, LINERs can be powered also by fast shocks (Heckman 1980; Dopita & Sutherland 1995) , photoionization by old, metal-rich stellar population (AlonsoHerrero et al. 2000; Taniguchi, Shioya & Murayama 2000; Sarzi et al. 2010) , or photoionization by hot stars (Filippenko & Terlevich 1992; Shields 1992; Maoz et al. 1998; Barth & Shields 2000) . In our study we consider only Seyfert galaxies as AGN candidates. A further demarcation line, the so-called pure starburst line (Kauffmann et al. 2003a ), divides pure star-forming galaxies and AGN from composite galaxies, where the ionizing radiation of AGN and star formation is comparable (Panessa et al. 2005; Kewley et al. 2006; Trouille, Barger & Tremonti 2011) .
Emission line diagnositics are significantly affected by biases which can cause a significant fraction of AGN in dwarf galaxies to be missed. Low-metallicity AGN have lower [N ii]/Hα ratios and smaller spread in [O iii]/Hβ (Kewley et al. 2013; Ludwig et al. 2012) and they move to the left part of the BPT diagram, often overlapping with the star-forming region. Kewley et al. (2013) claimed that AGN are difficult to distinguish from pure star-forming galaxies using the [N ii]/Hα BPT diagram for metallicities lower than log(O/H) + 12 ∼ 8.4. Furthermore, BPT selection is not sensitive to blue galaxies with ongoing star formation, which dilutes the signatures of BH accretion. This is an important issue for dwarf galaxies, as they are smaller in the sky and a big fraction of their light falls within the SDSS fiber (r = 1.5 arcseconds). The detected emission can therefore be dominated by galaxy light from ongoing star formation, dust and gas, so the optical signatures of BH accretion can no longer be detected (Moran, Filippenko & Chornock 2002) .
We identified a sample of AGN candidates using the standard BPT diagram, starting from the observed emission line fluxes given in the OSSY catalog. We decided to perform the BPT selection using the
is the best indicator for low-metallicity AGN, and dwarf galaxies are expected to have low metallicities (e.g. . For this analysis we required all the lines used for the BPT selection to be detected, and amplitude to noise AON > 3 for Hα, [O iii] and [N ii] . In the cases where only Hβ does not fulfill the requirement AON > 3, we estimated the upper limit of the flux from the standard deviation of the SDSS spectrum around the line, and assuming the same σ value given for the [O iii] line (σ Balmer in OSSY ). This gives a lower limit for [O iii]λ5007Å/Hβ.
The results are shown in Fig. 2 (left panel). There are 48 galaxies in the Seyfert region of the BPT diagram (in the following we refer to these galaxies as BPT selected AGN candidates). Out of the 48 AGN candidates, 40 have AON > 3 in all the lines, while 8 have upper limits for the Hβ flux 4 . Even with the inclusion of these less reliable candidates, only ∼ 0.1% of the galaxies in the parent sample can be considered as AGN candidate by analysing these specific optical emission line ratios (∼ 0.08% if we consider only objects with AON > 3 in each line).
He ii λ4686
As explained above, the classical BPT selection is not very sensitive at low metallicities and for faint AGN, as well as for galaxies with strong ongoing star formation. This can be improved by using lines originating from the mostly neutral interstellar medium, as for example He ii λ4686 (e.g. Shirazi & Brinchmann 2012) . Because of the high ionization energy of He + , Eion = 54.4 eV (as a comparison, the ionization potential of O ++ is 35.5 eV), the He ii λ4686Å emission line can be produced only in the presence of sources of hard ionization radiation. Therefore, the detection of a luminous He ii emission line is a strong indication of AGN activity.
We plotted the He ii λ4686Å/Hβ line ratio versus [N ii]λ6583Å/Hα diagram described in Shirazi & Brinchmann (2012) , and used it as an alternative emission lines diagnostic. Similar to the standard BPT diagram, starforming galaxies are expected to be below a maximum starburst line, while AGN 5 are found above this line. We required an amplitude to noise AON > 3 for HeII, [N ii], Hβ and Hα. With this technique selected 121 AGN candiates, as shown in Fig. 3 (middle panel), which correspond to ∼ 0.25% of the parent sample. In the following we refer to these galaxies as He ii selected AGN candidates. 4 We computed the upper limits for Hβ as 5 times the noise in the spectrum. This corresponds approximately to a detection with signal-to-noise S/N = 3. However the number of AGN selected with Hβ upper limits strongly depends on the upper limits estimation. For example, considering the upper limit as 3 times the noise allow to select 25 additional objects. 5 No distinction is made here between Seyferts and LINERs.
Mid-IR color selection
Mid-IR selection relies on the fact that AGN show redder mid-IR colors compared to star-forming galaxies, especially at low redshift (Stern et al. 2012; Assef et al. 2012) . The hot dust surrounding the AGN produces a strong mid-IR continuum which can be approximated as a power-law dominating in the redder part of the spectrum. On the other hand, the stellar emission is dominated by a composite black body curve which peaks at rest frame ∼1.6µm. An advantage of mid-IR selection compared to selections based on other wavelength ranges is that mid-IR emission is independent of the viewing angle. This allows to select both unobscured (Type 1) and obscured (Type 2) AGN.
Several mid-IR diagnostic diagrams have been proposed and employed in the literature (e.g. Lacy et al. 2004; Assef et al. 2010; Stern et al. 2005 Stern et al. , 2012 Jarrett et al. 2011) . In this work we concentrate on cuts which purely rely on the WISE bands at 3.4, 4.6, 12 and 22 µm (W1, W2, W3 and W4 bands, respectively; Wright et al. 2010) . Stern et al. (2012) proposed a cut based on the W1 and W2 bands, the two bluest, most sensitive channels. Using IRAC-selected AGN as their input sample (Stern et al. 2005 ) they empirically defined a simple color criterion:
For this criterion they estimated a reliability of 95%. A more restrictive criterion was defined by Jarrett et al. (2011) , which also considers the W3 band:
Even though mid-IR selection is sensitive to both obscured and unobscured AGN, none of the proposed cuts can provide a complete sample of AGN. For less powerful AGN the dilution by the host galaxy may cause a bluer (W 1 − W 2) color, so that these AGN are no longer distinguishable from normal galaxies.
We performed mid-IR color selection following the color cuts described by Stern et al. (2012) and Jarrett et al. (2011) . For this we used the WISE magnitudes measured with profile-fitting photometry as listed in the WISE AllSky Data Release (Cutri & et al. 2012) . For the Stern selection we required the objects to be detected in the W1 and W2 bands (in the WISE catalog this means S/N > 2). For the Jarrett cut we additionally required the detection in the W3 band. The results are shown in Fig. 4 (right panel) . Combining the objects selected by the Stern and Jarrett criteria we found 189 mid-IR candidates. Therefore, ∼0.4% of the parent sample exhibits mid-IR colors consistent with AGN emission. In the following analysis we will refer to the objects selected with Stern and/or Jarrett criteria as mid-IR selected AGN candidates.
We decided to use the magnitudes measured with profile-fitting photometry in order to be consistent with Stern et al. (2012) , but it is important to notice that these magnitudes could be wrong for some extended nearby galaxy. Among the 189 mid-IR selected AGN candidates only 1 is flagged as possibly extended. However, we examined the WISE images by eye and the extension in W1 , He ii emission lines diagram as described in Shirazi & Brinchmann (2012) . All the BPT selected AGN candidates with well detected He ii emission lines are selected as AGN also with this diagram. Right: Mid-IR color-color diagram based on WISE colors. The straight and solid lines show the selection cuts described by Stern et al. (2012) and Jarrett et al. (2011) , respectively. Only 3 BPT selected AGN candidates are selected as AGN also by applying mid-IR color cuts. W2 and W3 is minimal, so that it will not affect the result significantly.
The SDSS spectra of some mid-IR selected AGN required further fitting. For these objects we performed our own fits and computed the observed flux for He ii λ4686, Hβ,
We fitted the lines with a Gaussian profile, using a fixed ratio between the two [O iii] lines and between the two [N ii] lines.
Comparison between the selection techniques
The different selection techniques revealed different samples of AGN candidates. In Fig. 2 , 3 and 4 we overplotted the AGN candidates selected with each selection technique on the other diagnostic diagrams.
Among 48 BPT selected AGN candidates (Fig. 2) , only 3 present mid-IR colors attributable to AGN activity. On the other hand, all the BPT selected AGN candidates with well detected He ii emission lines are selected as AGN also by the He ii criterium.
In a similar manner, only 4 of the He ii selected AGN candidates ( Fig. 3 ) are selected as AGN also by applying mid-IR selection. On the BPT diagram, 18 He ii selected AGN candidates are found in the Seyfert region. Here it is important to notice that the requirement AON > 3 for the He ii line is fulfilled only for 1.7% of the objects in the parent sample of nearby dwarf galaxies. On the other hand, 37.5% of the BPT selected AGN candidates and 21.9% of the mid-IR selected AGN candidates show strong He ii emission lines.
Consistently with what described above, most of the 
AGN FRACTION IN DWARF GALAXIES
As showed in Section 2.2, the fraction of AGN found in the parent sample depends on the considered selection method. About 0.3% of the sample exhibits optical narrow-lines signatures of accreting black holes: 0.1% is selected through BPT diagram while 0.25% through the Shirazi He ii diagram. On the other hand, the fraction of galaxies with mid-IR colors attributable to AGN is ∼ 0.4%. The comparison between the optical and mid-IR selected AGN samples shows almost no overlap: among 336 AGN candidates, only 3 are selected by all the three selection techniques.
The difference observed between the three samples could be explained from the different biases suffered by the selection criteria (see Section 6 for a discussion). Moreover, a problem in determining the real AGN fraction is the selection function of the sample, which in our case is a consequence of the SDSS spectroscopic apparent magnitude limit r = 17.77 (petrosian magnitude). In order to perform a reliable demographic analysis we required a magnitude limited sample. Therefore we excluded from the sample all the objects with r-band magnitude r > 17.77 mag (see Fig. 1 ). In this way we excluded 1 BPT selected AGN candidate (out of 48), 9 He ii selected AGN candidates (out of 121) and 112 mid-IR selected candidates (out of 189). The high number of mid-IR selected candidates with r > 17.77 mag can be explained by the fact that the mid-IR color-color diagram is more sensitive to blue objects (optical colors, see Section 4). These objects were observed by SDSS because they were erroneously targeted as quasars. Green stars refer to AGN candidates selected with BPT diagram, purple hexagons to He ii selected AGN candidates, and blue triangles to the mid-IR selected AGN candidates.
For each bin we computed the uncertainties of the AGN fraction using binomial statistics. In the cases where less than 20 AGN candidates are in the bin, we computed the uncertainty on the AGN number NAGN using the values reported by Gehrels (1986) . For NAGN 20, we applied the formula f (1 − f )Ntot, where f is the AGN fraction and Ntot the total number of objects in the considered bin. The AGN percentage is < 2% in each considered bin. For mid-IR selected AGN candidates there is an indication of degreasing fraction with increasing mass. On the other side, BPT and He ii selected AGN candidates are found only at higher masses.
HOST GALAXY PROPERTIES
We used the galaxy parameters provided by the SDSS and MPA-JHU catalogs to analyse the properties of the galaxies hosting our AGN candidates. In Fig. 6 , 7 and 8 we plotted the distributions of redshift, stellar mass, [O iii]λ5007 luminosity, absolute g-band magnitude and (g − r) color for the three samples (BPT selection in green, He ii selection in purple, mid-IR selection in blue). As a comparison we also overplotted the distribution for the parent sample (black solid line). The histograms are normalized so that the integral over the bars is unity. For this analysis we considered only objects with absolute r-band magnitude r < 17.77. A summary of the results is given in Table 1 .
By sample definition, all the considered objects have redshift z < 0.1 and stellar mass M 10 9.5 M (Fig. 6 ). Although we did not put any constraints on a minimum mass, all the objects have stellar mass higher than M =10 6 M . This lower limit is a consequence of the SDSS spectroscopic flux limit. The redshift distribution is similar for the mid-IR selected AGN and the parent sample, while BPT and He ii selected AGN are found only at redshift z < 0.05. BPT and The mean absolute g-band magnitude (Fig. 7 , bottom panel) is similar for the three samples of AGN candidates and for the total sample. For this analysis we considered the petrosian magnitude, corrected for galactic foreground extinction. Fig. 8 shows the (g − r) color distribution. Also in this case the SDSS magnitudes are corrected for galactic foreground extinction. BPT selected AGN show redder optical colors compared to the parent sample, while the mid-IR selected AGN are bluer. Similar to the BPT selected AGN candidates, He ii selected AGN candidates show redder colors compared to the mid-IR selected ones, but they are still bluer than the BPT selected AGN candidates. The difference in color is also noticed in the SDSS images shown in Fig. 9 .
In the previous analysis we looked at each parameter separately. However, most of these parameters are correlated with each other, and a simple histogram comparison can be misleading. For this reason we plotted the 2D relations of some of these quantities (see Appendix B). In all the cases the BPT and He ii selected AGN seem to separate from most of the mid-IR sample on the 2D planes (stellar mass versus (g − r), [O iii] luminosity and g-band magnitude, see Figures B1 -B3 ). This suggests that mid-IR and optical selection criteria select two different classes of AGN host galaxies. . Redshift (top panels) and stellar mass (bottom panels) distributions for the three samples of AGN candidates. The BPT sample is shown in green, the He ii sample in purple and the mid-IR sample in blue. The black solid line corresponds to the parent sample. The histograms are normalized so that the integral over the bars is unity. Only objects with absolute r-band magnitude r < 17.77 are considered.
X-RAY AND RADIO ANALYSIS
Optical emission line diagnostic and mid-IR color selection provided a sample of 336 AGN candidates. However, high resolution follow-up observations at other wavelengths are required for the confirmation of AGN activity in these objects. We searched the Chandra Data Archive 6 and the VLA FIRST Survey Catalog 7 (Becker, White & Helfand 1994) to get X-ray and radio observations of our sources.
We obtained archival Chandra X-ray data for 11 objects in our sample (objects 5426, 94970, 166401, 230467, 306717, 190553, 338999, 12974, 54437, 5424 and 69465) .
Only one source, object 69465, is detected with enough counts to extract the spectrum and fit it. This source shows a soft spectrum, which can be best fitted with the Xspec model diskbb with temperature kT ∼ 0.35 keV.
For the other sources with faint detections we computed the hardness ratio (HR) from the counts in the soft (0.5 − 2.0 keV) and hard (2.0 − 8.0 keV) bands. Apart from object 5424, which shows an HR of 0.6, all the other sources are soft with HR smaller than −0.1. For these faint sources we estimated the flux in the 0.5 − 2.0 keV range using WebPIMMS , which we used to convert the measured 0.5 − 2.0 keV Chandra count rate into flux. We repeated the calculations for both diskbb and powerlaw models, but the result does not change significantly. O iii]λ5007 distribution we considered only objects with AON>3 for that line. For the absolute g-band magnitude distribution we considered the petrosian magnitude which we corrected for galactic foreground extinction.
to the expected X-ray luminosity assuming that all the Hα luminosity comes from star formation. We computed this line from the SFR -L(0.5 − 2.0 keV) relation given in Ranalli, Comastri & Setti (2003) , and the SFR -L(Hα) relation given in Kennicutt, Tamblyn & Congdon (1994) . For the four BPT and/or He ii AGN candidates the observed X-ray luminosities exceed the luminosity expected by pure star formation by at least one order of magnitude. This is a confirmation of AGN activity. In the case of mid-IR selected AGN the observed X-ray emission could come from star formation, and we cannot rule out the possibility that these objects are indeed pure star-forming galaxies.
The VLA FIRST Survey Catalog provided us the radio 1.4 GHz fluxes of 12 AGN candidates (5424, 84989, 92048, 54437, 60324, 72486, 94970, 115666, 190553, 221600, 50838 and 26813) . Fig. 11 shows the same as Fig. 10 but for radio instead of X-ray luminosity. Here we assumed the SFR -L(1.4 GHz) relation given in Yun, Reddy & Condon (2001) . Similarly to what is seen in the X-ray analysis, the radio luminosity of BPT and/or He ii selected AGN candidates is at least one order of magnitude higher compared to what expected from stellar emission only, confirming the AGN activity. The radio luminosity seems to confirm the AGN presence also in at least three, probably four of the mid-IR AGN candidates (one of them selected also through emission line diagnostic).
The X-ray and radio analysis presented here are preliminary results, based on the few AGN candidates with archival X-ray and/or radio data. We are currently acquiring XMM-Newton observations of some of the AGN candidates, and a more complete analysis will be presented in a following paper (Sartori et al. in prep.) . Figure 9 . Composite images of some of the AGN host galaxies for AGN selected with different techniques. The images are taken from SDSS and the size is 50×50 arcseconds. Top: BPT selection, Middle: He ii selection, Bottom: mid-IR selection.
DISCUSSION
AGN selection and host galaxy properties
In this study we selected AGN in nearby dwarf galaxies using three different selection techniques, and analysed their host galaxy properties.
BPT selection provides 48 AGN candidates. Compared to the total sample, the galaxies hosting these AGN are found mostly at higher masses and low redshift. Moreover, they show redder optical colors. The high masses and red colors of the objects in this sample are consistent with what presented in Moran et al. (2014) (2003), and the SFR -L(Hα) relation given in Kennicutt, Tamblyn & Congdon (1994) . Green points correspond to BPT and/or He ii selected AGN candidates (the stars represent the faint detections while the triagle represents the only good detection, for which it was possible to extract the X-ray spectrum), while purple hexagons represent the mid-IR selected AGN candidates.
of obstacles preventing us from detecting all the AGN in the sample using the BPT diagram. The observed trends in mass and color could therefore be attributable to selection effects and biases arising from observing strategy and detection method. The observing strategy biases are due to the fact that AGN in dwarf galaxies selected via the SDSS spectra can suffer from fiber aperture effects: since dwarf galaxies are small in the sky, a big fraction of their light falls within the SDSS fiber. AGN in blue star-forming lowmass dwarf galaxies may not be detected since the observed emission is dominated by galaxy light (from star formation), causing the BPT sample to be biased towards redder, more massive galaxies. Regarding the biases due to detection method, both theoretical and observational studies shows that AGN in low-metallicity galaxies, which are mainly low-mass star-forming galaxies (e.g. sample. However, they are slightly bluer and less massive compared to the BPT selected sample, what could suggest that they are subject to a higher star formation (higher sSFR). Since [O iii] is more affected by star formation compared to HeII, this may be the reason why most of the He ii selected galaxies are not found in the AGN region of the BPT diagram. Thus, the Shirazi He ii diagram appears to be more sensitive to AGN hosted in star-forming galaxies than the classical BPT diagram, at least in the low-mass regime. The disadvantage of this selection technique is that the He ii line is fainter compared to the [O iii] line, and can be well detected only in a much smaller sample. The 189 mid-IR selected AGN candidates are found preferentially at low-masses compared to the parent sample, and show bluer optical colors. This is an indication of strong ongoing star formation. Blue colors could also signify the presence of an unobscured AGN, in which case broad Hα lines should be visible. However, we checked the optical spectra and none of the mid-IR selected AGN candidates show broad Hα lines. Similar to what is seen for the BPT selection, mid-IR selection is affected by important, but distinct, biases. As explained in Stern et al. (2012) , for heavily obscured low-redshift AGN or objects dominated by stellar emission the dilution by the host galaxy may cause a bluer (W1 -W2) color, so that these AGN move toward the galaxy locus and cannot be separated from star-forming galaxies. In order to test the sensitivity of mid-IR color selection we performed simulations, and found that only objects with AGN contributing at least 10 − 20% to the total bolometric luminosity can be detected using mid-IR color-color diagram.
A comparison between optical emission lines (BPT and He ii ) and mid-IR selection techniques shows almost no overlap (3/336 objects). Most of the BPT and He ii selected AGN are selected as pure star-forming galaxies when applying the mid-IR color criterion. On the other hand, most of the mid-IR selected AGN candidates are located in the upper part of the star-forming region of the BPT diagram, near to the pure starburst demarcation line defined by Kewley et al. (2001) , and on the star-forming region of the Shirazi He ii diagram. The two samples exhibit also different host galaxy properties. In summary, the mid-IR sample is both bluer and with lower stellar masses, while the optical emission lines selected sample is redder with higher stellar masses.
One reason why mid-IR selected AGN are not selected by BPT diagram could be strong ongoing star formation. Although star formation could potentially affect both techniques, it is important to note that the biases due to observing strategy and detection method described for the BPT selection are not affecting the mid-IR selection. This means that star-formation may be affecting the BPT selection more than the mid-IR selection, explaining why the mid-IR selected AGN sample is bluer than the BPT selected one. The observation that He ii selected AGN are bluer than the BPT selected ones (but still redder than the mid-IR selected AGN) is a consequence of the fact that [O iii] is more sensitive to star formation than HeII. Therefore, some objects can be selected as AGN using the Shirazi He ii diagram, but the star formation is still too high to allow a selection using standard BPT diagram.
Another possible explanation of the fact that mid-IR selected AGN are bluer is that they contain less metals. Kewley et al. (2013) showed that AGN are hard to distinguish from star-forming galaxies using the BPT diagram for metallicities lower than log(O/H) + 12 ∼ 8.4, and ∼ 50% of the mid-IR selected AGN are below this threshold. This is suggestive that the mid-IR selection is more sensitive to detecting low-mass, low metallicity AGN host galaxies compared to optical emission lines selection.
The mid-IR selectd AGN revisited: how many of them are AGN?
The X-ray and radio observations available for some of the AGN candidates selected through optical emission line diagnostic confirm the AGN nature of these sources. Moreover, the BPT and He ii regions correspondent to AGN are unlikely to be contaminated by other types of galaxies. Thus, we assume that the BPT and He ii selected AGN candidates are indeed AGN.
The mid-IR selection could be contaminated by non-AGN. Stern et al. (2012) claim a realibility of 95% at quasar luminosities but it is unclear to what degree this is the case for low-luminosity AGN. An alternative source of the mid-IR emission, as opposed to light reprocessed by the obscuring torus and reemitted at longer wavelenghts, is free-free emission from young stars present in extreme star-forming galaxies (e.g. Leitherer et al. 1999 ). This emission could in principle light up the dust in the galaxy in a similar way as seen in AGN. Possible contaminants are low metallicity blue compact dwarfs (e.g. Griffith et al. 2011) , ultraluminous infrared galaxies (e.g. Jarrett et al. 2011) , and objects similar to the Green Peas discussed in Cardamone et al. (2009) .
Four of the mid-IR selected AGN also show optical signature of BH accretion. In addition, the available radio data seem to confirm the AGN presence in at least other three objects. Thus, we know that at least some of the mid-IR selected AGN candidates are indeed AGN. However, with our analysis we cannot rule out the possibility that part of these objects are not AGN. Follow up studies, especially aiming to acquire better X-ray data for a larger part of the sample, are needed to better understand the mid-IR selection in dwarf galaxies and confirm the AGN nature of the candidates. If some of the AGN candidates selected according to the mid-IR creteria are indeed pure star-forming galaxies, then this could further explain the bluer colors observed in these objects compared to the optically selected AGN. Moreover, it would imply a still lower AGN fraction in nearby low-mass galaxies.
AGN fraction in dwarf galaxies
The measured AGN fraction depends on the selection technique. About 0.1% of the parent sample can be selected as AGN using the BPT diagram. This value is consistent with what found by Reines, Greene & Geha (2013) , where they selected 35 AGN candidates out of a sample of ∼25,000 objects (∼ 0.13%). On the other hand, the value is lower compared to what found by Moran et al. (2014) , but this is due to a different selection of the parent sample. By considering also He ii selected AGN candidates, the fraction of objects exhibiting optical signatures of BH accretion increases to ∼ 0.3%. The fraction of galaxies with mid-IR colors attributable to AGN is ∼ 0.4%. If all the candidates are confirmed to be AGN, this means that the mid-IR detection rate is higher than optical detection rate. For higher masses (above ∼ 10 9.5 M ) the AGN occupation fraction determined from BPT selection is expected to be ∼ 5 − 10% (e.g. Kauffmann et al. 2003a ). Yet, including all AGN candidates found by different techniques the occupation fraction in the low-mass regime is low measured with optical and mid-IR selection techniques, ∼0.7%. This is at least one order of magnitude below what found for more massive galaxies, what could signify that 1) with the applied selection techniques we are missing an high number of AGN hosted in low-mass galaxies; or 2) the low-mass galaxies are less likely to host active BHs compared to more massive objects. Since AGN are active BHs, the second option could be due to a very low BH occupation fraction, which would imply also a low AGN fraction, or to a low fraction of active BHs among all the existing BHs (in this case the BH occupation fraction could still be comparable to what found at higher mass regime).
The AGN fraction for mid-IR selected AGN shows a small decrease for increasing stellar mass, as reported also in Satyapal et al. (2014) and Marleau et al. (2014) . However, in each bin the fraction is small compared to the values found for more massive galaxies (< 2%), and the trend is not as strong as claimed by Satyapal et al. (2014) . On the other hand, the AGN fraction for optically selected AGN increases with increasing mass. The trend showed by the optically selected AGN is consistent with what found for more massive galaxies (e.g. Kauffmann et al. 2003a ). On the other hand, the decrease seen for mid-IR selected AGN candidates could signify that in galaxies with higher stellar masses the AGN is not powerful enough to dominate over the host galaxy emission, at least in the mid-IR.
Possible consequences for BH formation scenarios
Models of BH growth in a cosmological context suggest a different BH occupation fraction in the low-mass regime for different seed formation scenarios. It has therefore been proposed that measuring the BH occupation fraction in dwarf galaxies may help in discriminating between seed formation scenarios (e.g. Volonteri, Lodato & Natarajan 2008; see also Reines, Greene & Geha 2013 and Moran et al. 2014 ). Since BHs in dwarf galaxies can be detected only if they are accreting (AGN), we cannot directly measure the BH occupation fraction, but we can put a lower limit on it by measuring the AGN fraction. With this study we measured a lower limit for the BH occupation fraction below 1%. Despite progress, the current models are still unprecise and do not allow to estimate precisely the expected BH occupation fraction, however the difference between seed formation scenarios in general plays a role at high BH occupation fractions, which cannot be constrained by a lower limit smaller than 1%. Thus, the approach of using the AGN fraction to constrain BH seed formation models, regardless of the precise predictions of the models, is unlikely to succeed.
SUMMARY
We systematically searched for AGN in a sample of 48,416 nearby low-mass galaxies (M < 10 9.5 M , z < 0.1) selected from the SDSS catalog. Using optical emission line diagnostic diagrams (classical BPT selection and the He ii diagram presented in Shirazi & Brinchmann 2012 ) and mid-IR selection we assembled a sample of 336 AGN candidates. The main results of this work can be summarized as follows:
• The fraction of AGN in nearby dwarf galaxies selected using optical emission line diagnostic diagrams (BPT and He ii ) is ∼0.3%. For mid-IR selection the AGN fraction is ∼0.4%. By considering all the found AGN candidates together, the observed AGN fraction in the low-mass regime seems to be at least one order of magnitude below what found for more massive objects (see e.g. Kauffmann et al. 2003a) . Moreover, the obtained AGN fraction, which is a lower limit for the BH occupation fraction in the low-mass regime, does not allow us to put strong limits on the BH occupation fraction and to constrain currently proposed seed formation scenarios.
• Mid-IR selection and optical emission lines selection (BPT and He ii ) revealed two different samples of AGN candidates. Among 336 AGN candidates, only 3 are selected by all the three criteria. The AGN candidates samples show different physical properties, what could signify also different nature. Mid-IR selected AGN are both bluer (optical color) and with lower stellar mass. This could be an indication of low metallicity and strong ongoing star formation. On the other hand, AGN selected by the BPT diagram are redder and with higher stellar mass. He ii selected AGN candidates are bluer compared to the BPT selected candidates, but still redder than the mid-IR selected sample. The difference in mass and color observed for the two samples could in part be a consequence of biases due to observing strategy and detection method. These biases could prevent to detect AGN in blue star-forming low-mass galaxies by applying BPT selection.
• The optical emission line diagnostic diagram based on He ii λ4686 proposed by Shirazi & Brinchmann (2012) appears to be more sensitive to AGN hosted in star-forming galaxies than the classical BPT diagram, at least in the low-mass regime.
• The archival X-ray and radio data available for some of the BPT and/or He ii selected AGN candidates confirm the AGN nature of these sources. However, it is not possible to confirm that all the mid-IR selected AGN candidates are indeed AGN. A possible alternative source of the observed mid-IR emission is free-free emission from young stars present in extreme star-forming galaxies. This could further explain the bluer colors showed by the mid-IR selected AGN candidates compared to the ones found with optical emission lines selections. Follow-up observations, especially in the X-rays, are needed to confirm the AGN nature of these sources.
• We compiled a sample of AGN candidates which will be important for future follow-up studies aiming to understand the relation between BHs and host galaxies in the low-mass regime.
This work confirmed that AGN can indeed be found in low-mass galaxies (see also e.g. Reines, Greene & Geha 2013 , Moran et al. 2014 . Because of selection biases no selection technique based on a single wavelength range allows for a perfectly unbiased sample. Thus, only the combination of data at different wavelengths will provide us information about the nature of BHs and the relation with their host galaxies in the low-mass regime. More follow-up observations are needed to confirm the AGN nature of all the found candidates and to understand their properties.
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APPENDIX B: HOST GALAXY PROPERTIES
In Section 4 we analysed different host galaxy properties separately. However, most of these parameters are correlated with each other, and a simple histogram comparison can be highly misleading. For this reason Figures B1, B2 and B3 show the 2D relations of some of these quantities. In all the cases the BPT and He ii selected AGN samples seem to separate on the 2D planes from most of the mid-IR sample. This suggests that mid-IR selection and optical selection are revealing two different classes of AGN host galaxies. This paper has been typeset from a T E X/ L A T E X file prepared by the author. Log( M in M ) mid-IR sample HeII sample BPT sample Figure B3 . Same as Fig. B1 but for the mass versus absolute g-band magnitude distribution. Mid-IR selected AGN candidates are found also at lower masses and at both higher and lower g-band magnitudes compared to the optically selected candidates.
